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Abstract 
Capillary-porous structure of wood modified with boron-nitrogen compounds was studies by sorption methods. Specific surface 
area of the suport was found to be reduced up to three folds.Changes of structure of the wood surface layer treated with aqueas 
solutions of boric acid and ethanolamines as well as the possibility of forming 4-coordinate boron-nitrogen compounds in situ, 
directly on the wood surface, were investigated. Stepwise treatment of wood surface with boric acid and ethanolamines in 
different order was found not to cause significant changes in the capillary-porous structure, which is apparently due to the 
difficulties of formation of 4-coordinate boron-nitrogen compounds in situ. 
© 2016 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
Nomenclature 
compound 1 - monoethanolamine(NĺB)trihydroxyborate; 
compound 2 - diethanolamine(NĺB)trihydroxyborate;   
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BA - boric acid; 
MEA – monoethanolamine; 
DEA – diethanolamine. 
 
The ability of wood to absorb liquid moisture  (usually refered to as water absorbing capacity [4]) is driven by the 
porous heterocapillary structure of wood material and hydrophilicity of polysaccharide components, in particular, 
due to multiple hydroxyl groups of cellulose and hemicellulose macromolecules [3]. Unlike carbohydrates, lignin is 
less hydrophilic [1]. To improve durability of wooden structures, it is necessary to exclude the possibility of 
excessive wood moisturizing, as it is wet wood (moisture content more than 20 %) that is a habitat for many species 
of fungi and insects. Apart from facilitating biocorrosion, high moister content increases liability to deformations 
and reduces strength of wood.  
Numerous design concepts are applied to protect wood from excessive moisture and biocorrosion: the wood is 
insulated from soil, rock and concrete, it is equipped with special channels for ventilation, weather isolated, etc. 
However, structural approaches are not sufficient to completely prevent humidification and rot of wood. Modern 
industrial production of complete sets of houses renders proper selection of high-quality wood almost impossible in 
practice. Moreover, a building has often to be constructed at a certain location, and not where the environmental 
conditions are favorable. Therefore chemical methods of wood protection are actively used along with structural 
protection methods. Upon chemical modification of wood, modifier molecules chemically interact to the reactive 
groups of lignin-carbohydrate complex of wood and contribute to the reduction of capillar diameter, thereby, 
reducing specific surface area and, consequently, water absorbing capacity of the modified wood. 
2. Results and discussion 
Specific surface area was measured using wood samples of 5 x 5 x 5 mm in size. Wood samples were soaked in 
modifier solutions for 3 hours at room temperature (23-24 ɋ) and dried on air. Two techniques were used: one-step 
and two-step. In one-step approach, 10 %, 30 % and 50 % aqueas solutions of previously obtained modifiers were 
applied: monoethanolamine(NėB)trihydroxyborate (compound 1) and diethanolamine(NėB)trihydroxyborate 
(compound 2). In two-step approach, wood surface was subsequently (24 h between steps) treated with solutions of 
boric acid (BA) and monoethanolamine (MEA) or diethanolamine (DEA), resulting, presumably, in formation of 
boron-nitrogen compounds in situ. Combinations in the following order were used: a) BA-MEA, b) MEA-BA, c) 
BA-DEA, d) DEA-BA. After treatment, the specific surface area was measured by water sorption method [2]. The 
experimental data obtained are presented in Figures 1-4. 
 Values of specific surface area for wood samples treated with 10 %, 20 % and 50 % aqueas solutions of 
compounds 1 and 2 are presented as diagram in Figure 1. Cleary, higher modifier concentration led to lower specific 
surface area of wood samples: the lowest specific surface area value corresponded to 50 % modifier solutions; the 
highest – to native unmodified wood. This fact points to chemical interaction of the 4-coordinate boron-nitrogen 
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Figure 1. Specific surface area (m2/g) of wood modified with compound 1  
(left bars) and compound 2 (right bars). Untreated wood was used as a 
control. 
 

689 Irina V. Stepina /  Procedia Engineering  153 ( 2016 )  687 – 691 
compounds and wood components. Modifier molecules chemically interacting to hydrophilic groups of lignin-
carbohydrates complex of wood markedly narrow the capillary bore, decrease internal surface area, as determined 
by water sorption method.  
  
Interesting that specific surface area of wood samples modified with 50 % compound 2 was somewhat less than 
for those modified with 50 % compound 1 (Figure 2). Wood water absorbing capacity is contributed by sorption 
capacities of its high molecular weight components [1]. Cellulose is a major contributor accounting for 47 % of 
water adsorbed, hemicellulose – 37 %, lignin – 16 %. Since amorphous regions of cellulose containing water 
accessible hydroxyl groups play major role in sorption processes, cellulose sorption capacity decreases with 
crystallinity index increase. Hence, higher crystallinity index should correspond to lower specific surface area. As 
determined by X-ray diffraction [6], crystallinity index of wood modified with compound 2 (CI = 51.12) was higher 
than crystallinity index of wood modified with compound 1 (CI = 50.11), which agrees with the obtained data of 
specific surface area. 
At the next stage, wood surface was subsequently treated with 5 % boric acid and 25 % ethanolamines. Changes 
of specific surface area and wood surface structure were studied, as well as the possibility of formation of 4-
coordinate boron-nitrogen compounds on the wood surface in situ was assessed. The experimental data obtained are 
presented in Figures 3 and 4. Highest value of specific surface area was illustrative of wood samples modified in situ 
with ethanolamines followed by boric acid, with combination DEA-BA being more efficient that MEA-BA. 
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Figure 2. Specific surface area (m2/g) of wood modified with 50 % solutions of 
compounds 1 and 2. Untreated wood was used as a control. 
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Figure 3. Specific surface area (m2/g) of wood 
modified with compound 1 and in situ. 
Figure 4. Specific surface area (m2/g) of wood 
modified with compound 2 and in situ 
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It is known from literature data that cellulose amorphization leads to increase of water absorbing capacity and, 
consequently, of wood specific surface area measured by the method of water sorption [1]. It was also found by 
FTIR method [5], that etholamines, MEA in particular, interact to carboxyl groups of lignin and, to the lesser extent, 
to hydroxyl groups of cellulose forming corresponding derivatives [7]. Taking into account that hydroxyl groups of 
amorphous regions of cellulose are sterically more accessible and primarily participate in chemical modification 
reactions, it may be considered that total amount of cellulose hydroxyl groups decreased insignificantly upon 
interaction of wood with ethanolamine.  
Wood samples treated with DEA solution had some lower specific surface area than that of control samples 
(Figure 3 and 4). By contrast, wood samples treated with MEA solution had higher specific surface area compared 
to that of native wood. Such increase in specific surface area can be explained by partial swelling of cellulose in 
ethanolamine solutions, resulting in increased accessibility of hydroxyl groups of crystalline cellulose to water 
molecules attack [7]. As it is known from the literature [7], the higher molecular weight of organic base dissolved in 
water, the higher cellulose solubility is ( Mr (DEA ) = 105 , Mr (MEA ) = 61 ), as amorphous parts of cellulose are 
dissolved in the first place. This partial dissolution increases the CI of cellulose. These factors explain lower specific 
surface area of wood samples treated with DEA solution. 
Specific surface area did not change upon wood samples treatment with BA solution (Figure 3 and 4). This 
indicates that the boric acid molecules, containing 3-coordinate boron, do not form hydrolytically stable linkages to 
wood components, and are completely washed away from the wood surface within an hour. Being weak acid, boric 
acid do not cause wood hydrolysis. It can be assumed that anterior wood surface treatment with ethanolamines, 
where cellulose swelling takes part, renders cellulose hydroxyl group more accessible to esterification with boric 
acid. Thus more hydroxyl groups of cellulose, including those in crystalline regions, form ester bonds with boric 
acid than in samples treated with boric acid solution only. Hydrolytically unstable ester bonds B-O-C are easily 
hydrolized and boric acid water molecules are removed with water. If 4-coordinate boron-compounds were formed 
on the wood surface, specific surface area value would be equal or less than that for wood samples treated with 
ethanolamines only. Here, specific surface area increased, indicating that boron-nitrogen compounds with 4-
coordinate boron did not form upon sequential ethanolamine-boric acid treatment. 
Specific surface area of wood samples treated with BA followed by DEA solution was lower than in cotrol 
samples and samples treated with BA only, while it was higher as compared to the samples of wood treated with 
DEA solution. This might be attributed to independent interaction of BA and DEA to the wood components. 
 Specific surface area of wood samples treated with BA solutions followed by MEA solution was higher than in 
samplea treated with BA only, MEA only and native wood, which is consistent with low reactivity of MEA towards 
the OH- groups of cellulose, and its lower ability to dissolve cellulose. 
3. The conclusions 
Thus, the following conclusions can be drawn based on our experimental data: 
Modification of wood surface with the developed compositions based on 4-coordinate boron-nitrogen 
compounds  significantly reduced the specific surface area of the support (up to 3 folds). Stepwise treatment of 
wood surface with components of the compositions developed did not cause significant changes in the capillary-
porous wood structure, which is apparently due to the difficulties of 4-coordinate boron-nitrogen compounds 
formation on the wood surface (in situ). 
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